Studies of the impact of climate change on water resources usually follow a top to bottom approach: a scenario of emissions is used to run a GCM simulation, which is downscaled (RCM and/or stastistical methods) and bias-corrected. Then, this data is used to force a hydrological model. Seldom, impact studies take into account all relevant uncertainties. In fact, many published studies only use one climate model and one downscaling technique. In this study, the outputs of an atmosphere-ocean regional climate model are downscaled and bias-corrected using three different techniques: a statistical method based on weather regimes, a quantile-mapping method and the method of the anomaly. The resulting data are used to force a dis- These are characterized by water scarcity and an increasing human pressure, which cause a demand in assessments on the impact of climate change hydrological systems. The purpose of the study is mainly methodological: the evaluation of the uncertainty related to the downscaling and bias-correction step. The periods chosen to compare the changes are the end of the 20th century and the middle of the 21st century (2035-2065). The study shows that the three methods produce similar anomalies of the mean annual precipitation, but there are important differences, mainly in terms of spatial patterns. The study also shows that there are important differences in the anomalies of temperature. These uncertainties are amplified by the hydrological model. In some basins, the simulations do not agree in the sign of the anomalies and, in many others, the differences in amplitude of the anomaly are very important. Therefore, the uncertainty related to the downscaling and bias-correction of the climate simulation must be taken into account in order to better estimate the impact of climate change, with its uncertainty, on a specific basin. The study also shows that according to the RCM simulation used and to the periods studied, there might be significant increases of winter precipitation on the Cévennes region of the Massif Central, which is already affected by flash floods, and significant decreases of summer precipitation in most of the region. This will cause a decrease in the average discharge in the middle of the 21st in most of the gauging stations studied, specially in summer. Winter and, maybe spring, in some areas, are the exception, as discharge may increase in some basins.
Introduction
expensive) (Mearns et al., 1999) . If the chosen method is dynamical, a lim-ited area atmospheric model, which can simulate in more detail the climate 27 on a smaller area, is forced at the edges of the domain by the outputs of a 28 GCM (Hewitson and Crane, 1996) . These models are known as regional cli-29 mate models (RCM) and have a typical resolution of 50 km or 25 km. Often, 30 dynamical and statistical downscaling methods are presented as mutually 31 exclusive, but, in fact, as it will be seen in further sections, they can be used 32 together.
33
The resolution of a RCM is not enough for most hydrological models, thus 34 they need to be further downscaled and bias-corrected (Christensen et al., 35 2008) to produce atmospheric forcings at the adequate resolution (10 km) 36 (Wood et al., 2004) . Thus it is necessary to further downscale the output of 37 these models and to develop methods to reconstruct the regional climate in 38 relation to climate on a larger scale.
39
In these studies, the emission scenario and the GCM are the main sources 40 of uncertainty (Boé, 2007; Maurer and Hidalgo, 2008) . But, unfortunately, 41 each step of the downscaling procedure also has associated uncertainty. All 2006; Boé et al., 2007) , which might also be important and is often neglected. Regarding temperature at 2 m, the anomalies (2070-2099 vs 1961-1990) 115 obtained by this model are consistent with previous estimates (PRUDENCE 1 ).
116
In summer, increases of 4 to 5 will certainly change).
156
However, the method has some important advantages too. All the vari-of the model at the fine scale and used the large scale variables, with this one the opposite is done, the information provided by the model at the large 172 scale is ignored and the information at the small scale is used.
173
The correction is made at the resolution of SAFRAN (8 km studies (Hamlet and Lettenmaier, 1999; Etchevers et al., 2002; Caballero et al., 2007; Jyrkama and Sykes, 2007; van Roosmalen et al., 2009 ) and 220 the evaluation of the gains obtained in using more elaborated downscaling 221 methods. From now on, the method will be called AN.
222
The method was implemented as follows:
223
• The anomalies were calculated for temperature, precipitation, humid-224 ity, wind speed and atmospheric IR radiation.
225
• The anomalies were calculated comparing the periods: 2035-2065 and 226
1970-2000.

227
• They were calculated on a monthly basis.
228
• Relative anomalies were used. The ratio was calculated as follows :
229
r =< x > f uture / < x > present , where x is the variable of interest.
230
Afterwards the ratio was applied to the SAFRAN series of present
231
climate.
232
• The anomaly of temperature was calculated for the daily maximum and 233 minimum. A linear interpolation between the ratio of the maximum 234 and the minimum was used to correct each value of temperature of the 235 corresponding day. The anomaly was calculated in Kelvin.
236
• The anomaly of precipitation was calculated for total precipitation.
237
Afterwards, the solid and liquid phases where separated using tem- • After the anomaly of specific humidity was calculated, the series were corrected, using temperature, to avoid it to be higher than the value 242 at saturation.
243
The method, as described is very simple to implement, but its limitations 244 are important: only the mean climatological change is taken into account 245 and the spatial variability is only taken into account at the resolution of the 246 climate model. As a consequence, when using this method, only changes on 247 the mean can be studied, the study of extremes and variability are therefore 248 excluded. Temperature. Table 1 The assumptions and hypotheses made when applying these methods are 278 very different, specially when comparing WT with the other two methods.
279
These hypotheses are often difficult to verify and sometimes have obvious 280 weaknesses. If the results obtained are comparable, it will be a sign of ro-281 bustness, otherwise, it will be a sign that more emphasis must be done on 282 the uncertainty related to the downscaling methods. The hydrogeological model MODCOU calculates the temporal and spa-301 tial evolution of the aquifer at several layers, using the diffusivity equation
302
( Ledoux et al., 1989 Figure 5 shows that AN and QM produce quite similar geographical pat-331 terns, which was expected, as QM can be regarded as an evolution of AN.
332
These methods predict a diminution of precipitation on most of the region,
333
but also an increase near the Mediterranean coast and the maritime Alps. for any of the methods. Summer (Fig. 6 ) is the period with more significant 360 changes (Fig. 7) , according to the three methods. makes decision making difficult to water managers.
462
The study of temperature, shows that there are important differences 463 between the methods, specially in summer, where AN and QM are more than 464 one degree warmer. This differences affect many hydrological processes. This
465
is an important source of uncertainty, as there are threshold effects related 466 to this variable.
467
In terms of evapotranspiration and runoff, the methods present important 
479
There is more agreement in winter and summer than in autumn and spring.
480
The anomalies are more significant in summer.
481
The methods QM and WT were developed to better take into account 482 the changes on the extremes, as the AN method is only useful to study the 483 changes on the mean. Nevertheless, the study shows that these methods 
497
The study shows that the downscaling and bias-correction of the RCM 498 is a crucial step when only one climate model is used to study the impacts 499 of climate change on small basins where many threshold effects are present. Provence C é v e n n e s C é v e n n e s A l p s A l p s M a s s i f M a s s i f C e n t r a l C e n t r a l M e d i t e r r a n e a n M e d i t e r r a n e a n S e a S e a A day is dry if daily precipitation is equal to zero, otherwise it is wet. In both cases the probability is calculated using all the grid cells of the area of interest. SFR corresponds to SAFRAN, QM to the quantile mapping downscaling method and, finaly WT corresponds to the weather typing method. −1 ) on the Mediterranean region of France for the end of the 20th century and the middle of the 21st and their corresponding anomalies. SFR corresponds to the SAFRAN gridded database, QM to the quantile mapping method, WT to weather typing and AN to the method of the anomaly.
